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ATTENUATION OF PEAKED AIR SHOCK
WAVES IN SMOOTH 2!TNNELS

ABSTRACT

The attenuation of shock-front pressure for peaked air shock waves

was measured along straight, smooth-wall test sections of 1-, 2-, and 4-

inch inside diameter shock tubes over travel distances up to 520-tunnel

diameters. Shock overpressures between 50 and 450 psi for an ambient

pressure of 1 atmosphere were produced by the use ot helium, or by burning

M-9 propellant in the driver sections of the shock tubes. The lengths of

the shock tube driver sections were changed to vary the shape of the shock

waveform which caused the shock front pressure to attenuate differently

with distance. Pressure-time records are shown from piezoelectric pressure

gages placed at ten test positions along the shock tube. The experimental

peak shock pressures are compared to attenuation equations of the form:
-[A(X/D)÷K(X/tl d]

P =p e
5 5

and

1
I1 + tan •XX

The parameter, ti/D, (the shock waveform's initial slope intercept on the

time axis divided by the tunnel diameter) is used to compare the shock

front attenuation in the three shock tubes used.
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1. INTRODUCTION

The design engineer needs to be able to predict accurately the

behavior of shock waves inside ventilation ducts and access passageways

if he is to effectively design underground structures where blast valves

and doors are to be used to protect against air blast from external bomb

explosions. The present experiment was conducted to furnish data for that

part of the problem concerned with the attenuation of the peak overpres-

sure of the shock wave as it travels along a smooth duct or tunnel.

The present work extends the shock pressure range of previous work 1 -7 *

and shows how the attenuation of peak shock waves traveling in long sOmoth

tunnele vari..s as a function of the pressure of the input shock .ave

anlad the steepness of the pressure-time waveform. The data obtained are

compared to an attenuation equation of the form:

-[A(X/D)+K(X/t 1 ) J
P =P e$ s

where the first term in the exponent represents the viscous part of the

attenuationI proportional to the travel distance in tunnel diameters, X/D.

The second term describes the attenuation due to rarefaction catch-up at

the shock front5 which is proportional to distance of travel and inversely

proportional to the time-axis intercept, tI. The intercept is a measure

of the steepness of the rarefaction pressure-time decay behind the shock

front. The parameter, ti, is used to compare various wave-shapes for

different tunnel sizes.

The data are also compound to predictions from ar. empirically derived

attenaation equation,

eV(X/D)

1 + tan[a)( X

where V and E are experimentally determined parameters.

Superscript numbers denote references which may be found on page 53.
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2. EXPERIMENTAL APPARATUS

The experimental apparatus may be divided into three major parts:

(a) the shock tubes, (b) the pressure transducers, and (c) the recording

system.

Three shock tubes of 1-, 2-, and 4-inch inside diameter, each with

variable driver lengths, were used during the experiment. Descriptions

of the shock tubeE ire given in Table I. The shock tubes were operated in

a normal manner wJ ., either compressed helium cr burning M-9 propellant 8

used in the driver section to break a diaphragm which initially separated

the driver gas from air at 1 atmosphere of pressure in the test section.

The driver pressure determined the input shock pressure in the test sec-

Stion, and the driver length determined the rarefaction steepness for the

wave shape. The shock waves used during the test were controlled in this

way.

The pressure-time profile of the shock wave was measured by pressure

transducers threaded into the wall at !xsitions along the test section.

A bchematic diagram of the 2-inch shock tube is given in Figure 1 and is

repreeentative of the other two shock tubes. Piezoelectric transducers

with either ceramic or crystal elements were used in the test positions.

The transducers were built at the BRL Shock Tube Facility and have been

described ir an earlier report. 9

The transducer output from each test position was recorded by a

mu±ti-channel galvanometer-oscillograph system,10 or on Polaroid film

recordel by a Tektronix 565 oscilloscope with a KLstler Model 566 charge

amplifier. A block diagram of the multi-channel recording system is

shown in Figure 2.

3. RESULTS

Representative pressure-time traces recorded from the test positions

along the 2-inch shock tube are shown in Figures 3 to 6. The dotted

risetime lines have been added to make the traces easier to follow. The

variation in rarefaction steepness of the wave shape at the input position

14
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(1) follows the change in shock tube driver length. With travel distance

along the test section, the traces also show a less steep decay and a

longer total positive duration, T. The time-axis intercept, ti, is used

as a measure of the steepness of the rarefaction decay behind the shock

front. This idea is illustrated in Figure 7. A smaller time intercept

(steep slope) causes greater shock front attenuation than does a larger

time intercept (shallow slope).

Table II presents the measured attenuated values of peak pressure

and time intercepts for representative input shock waves recorded from

each of the shock tubes. Pressure-time traces and attenuation data from

the entire test range of input shock pressures are presented in Appendices

A and B. Graphs of peak pressure as a function of travel distance in

tunnel diameters taken from the complete data tables in the Appendices are

shown in Figures 8 through 16.

If the attenuation data are grouped according to the factor, ti/D, it

becomes possible to compare directly the data -from the three lifferent

diameter sizes of the shock tubes. Both attenuation caused by rarefaction

catch-up and that due to viscious effects from the tunnel wall are repre-

sented by ti and D, respectively.

Combined plots are shown as a function of the factor, ti/D, in Fig-

ures 17 through 19 in order of increasing input shock pressure used during

the experiments. Figure 20 does show, however, weak dependence upon input

pressure for a constant ti/D. Ume of the factor ti/D in this manner

should permit scaling to other tunnel sizes.

4. COMPARISON WITH THEORY

Clark5 has shown that a peaked shock wave traveling along a smooth-

wall tunnel should decrease in peak pressure with travel distance accord-

ing to the relationship:

P21 i = (P21" 1)e '[(K/t i)+(i/CD) ix (1)

where Pil is the shock pressure ratio remaining after a shock wave of

15
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input pressure ratio, P 2 1 , has traveled a distance, X, in a tunnel of

diameter, D. Rewriting Equation (1) in terms of shock oierpressure and

rearranging by writing A 1/C gives:

- [A(X/D)+K(X/ti 0]

P' =P e , (2)s S

where P' is the remaining peak shock pressure after an input wave of
s

pressure, Ps, travels a distance, X, in a smooth wall tunnel or duct of

diameter, D.

The first term of the exponential of Equation (2) gives the viscous

part of the attenuation where A is a coefficient equal to 1/C in Equation

(1). Reference 1 has given A an average value of 24 X 10 - with quite a

wide range (20 percent) of scatter which probably hides any dependence upon

D, P21' Pl' or X/D which may be present.

Clark has changed the viscous attenuation factor in Equation (1)

to give an additional dependence upon the pressure ratio, P21" The

differential form is:

dP21 A I' 1

dx D--f 1 (P 21 +P l ' 3)

as compared to the simpler form5,

dP21 A -l) (4)

where the A of Equation (4) has been replaced by A'/(P2 1 ) /(6 + P21) in

Equation (3). The constants of Reference 11 may be rearranged to give a

value of A = 19.46 X 10"4 for P2 1 = 1, and at very large values of P21'
-4

A -+51.48 X i0"

An average value of A = 20 X 10"4 was obtained for a pressure ratio

range of P2 1 = 1.68 to 27.5 during the present experiment by adding a

longer 13-foot driver section to the 2-inch shock tube to give initially

only viscous attenuation because the rarefaction wave had not overtaken

the shock front at the measurement positions. References 5 and 6 report

16
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valaes for A abcve 30 X 10.4 for similar pressure levels. Due to such

large variations in the value of A, the intermediate average value of

24 X l0o4 given in Reference 1 will be used to compare the present results

to the theory.

The second term in the exponential of Equation (2) gives the contri-

bution to the attenuation caused by rarefaction catch-up. The K is

plotted in Figure 21 as a function of shock overpressure, P . The time

axis intercept, ti, is measured from the given pressure-time waveform for

the input shock wave at X = 0. As the peaked shock wave travels over the

distance, X, in a tunnel, ti will increase. Accordingly, the rate of

attenuation with distance slows. It appears necessary to know how ti

increases in order to predict accurately the attenuation with distance.

Clark5 has given expressions for the new time intercept and new

positive duration after a travel of distance, X, in the tunnel:

ti~ t 11 x,
(5

and

T + - . (6)

The expansion factor in the bracket is plotted in Figure 22. The ratio

of the time intercept to positive duration, t i/¶, is a relative measure

of the steepness of the rarefaction decay of the shock wave. For a simple

exponential waveform (Friedlander), this ratio may be a constant as a

shock wave travels along a tunnel but can, and usually does, increase with

travel along a tunnel. Some variation in the ratio ti/r in Equation (5)

needed, or a new expression for t' is needed in order to make accurate

attenuation predictions. A constant value of tif/ predicts too little

pressure because, experimentally, the value of ti/' increases with travel

distance in the tunnel, thus causing less attenuation than expected.

17
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One way of predicting the ratio, tl/r, along the tunnel is to divide

the complex input waveform at X - 0 into simple exponentials of the form,

P(t) = P(o) e"t (7)

Then an assumption is made that the ratio, tl/¶', at any distance, X,

along the tunnel is related by Equation (8) to those regions corresponding

to the two or more simple exponentials found in the input waveform:

ti
- 1 (8)

Figure 23 shows how a given input pressure-time waveform may be plotted12

on semilog graph paper to determine these regions of simple exponentials.

For waveforms not going to zero pressure, a value of T° may be found by

replotting the waveform with time on the log axis of a semilog plot and

extrapolating the curve to zero pressure. The crossing point on the time

axis is then chosen to be T0. Values of the waveform parameter, a, are

shown for each of the straight-line regions. Equation (8) may be used

Instead of Equation (5) above, if the given input waveform is a complex

one.

Broh13 has assumed an attenuation function which includes both

viscous and rarefaction parts. He arrived at the function by dimensional

analysis and the given boundary conditions, P' = P at X = 0, and P1 = o
s S s

at X = •. His function has the advantage that it does not use previous,

stepwise predictions to arrive at a prediction for a given distance. Only

the time intercept, ti, for the initial wave at X = 0 and the tunnel diam-

eter is used. The function may be written;

eV(X/D)

p, p (9)

where V is an experimentally determined viscous attenuation parameter and

E is an experimentally determined rarefaction attenuation parameter.

These two parameters are plotted in Figures 24 and 25. Equation (9) also

gives predicted values too small after distances of X/D > 150.
18



Examples of each of the prediction methods discussed are shown in

Table III and Figure 26 for three representative sets of experimental

data obtained.

5. CONCLUSIONS

The attenuation of peak shock waves traveling along test sections of

1-, 2-, and 4-inch shock tubes has been measured for initial input pres-

sure ratios up to approximately 30. Similarly shaped plots of peak

pressure as a function of travel distance in diameters, X/D, were obtained

from the data through the pressure range tested. The data for a given

value of starting shock-front pressure could be represented by a single

attenuation versus travel distance plot if the values of ti/D were the

same. It seems possible, therefore, to represent many combinations of

peaked shock waves and tunnel sizes by a single attenuation plot for like

values of ti/D.

In addition to being used in the scaling parameter, the time inter-

cept, ti, was found to be quite critical to accurate predictions of

attenuation. The experimental data were found to agree fairly well with

pressures calculated from the equations of Clark- and Broh 13, until the

value of attenuated pressure reached a level corresponding to a change in

the value of the ratio, ti/. A correction was made to Clark's predic-

tion method by assuming t'/T' = 1/aTo, where 1/aTO is the shape parameter

for regions of the input pressure-time record which obey the simple

exponential P(t) = P(o) e"•. The attenuation equation of CLark, Equation

(2), gave better pressure predictions when the new values of ti were used

in the calculations. No attempt was made to modify Broh's prediction

method.

19
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TABLE I

SHOCK TUBE SPECIFICATIONS

Driver Gas,
Diaphragm

Shock Tube Description Driver Lengths Material

1-inch ID. Seamless, round, cold i", 3", and 9;' Helium

Maximum length drawn, low carbon, 2SO Aluminum
approximately mechanical steel tub- .032" thick
44.5 feet. ing - 2" OD X 1/2" .020" thick t

wall thickness. 
Mylar

Slip-on forged steel Mylar

flanges 1-1/2" pipe .010" thick

size, 6" OD, 154. .005" thick

Sections bolted with
3/4" x 3" long bolts.

2-inch ID. Seamless, round, cold 2", 6", 18", Helium or

Maximum length drawn, low carbon, and 13' M-9 Propellant
approximately mechanical steel tub- Burning
89 feet. ing - 3" OD X 1/2" 2SO Aluminum

wall thickness. .06W" thick
Slip-on forged steel .040" thick

flanges 2-1/2" pipe .032" thick

size, 7"OD, 1500. .02" thick

Sections bolted with .020" thick

3/4' x 3" long bolts. .010" thick

4-inch ID. Seamless, round, cold 4", 12", and Helium
Maximum length drawn, low carbon, 36" Sft Copper
approximately mechanical steel tub- .0o48" thick
113 feet. ing - 5-1/2" OD x 3/4" 2SO Aluminum

wall thickness. .092" thick
Slip-on forged steel .064" thick

flanges 5" pipe size,
11" OD, 300#. Sections
bolted with 7/8" 4"l .020" thick

long bolts.

21
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TABLE II

SHOCK FRONT OVERESSUIE AS A FUNCTION
OF DISTANCE OF TRAVEL

Position Pa. psi X, ft. X ti, ms 8.,

No. D D in.

1 191 0.83 10 Step 1"ID Shock Tube

2 192 2.08 25 0.90 .90 Lc 9"

3 187 3.75 45 1.26 He - Air

4 147 5.83 70 1.31

5 118 7,92 95 1.41

6 98 10.00 120 1.99

7 78 11. 99 145 1,88

8 38 22.50 Z90 3.85

9 23 32.92 395 9.56

10 14 43.33 520 -

t 207 2.00 12 Step 2"ID Shock Tube

2 201 3.83 23 Step Lc 18"

3 203 8.00 48 1.67 .84 He - Air

4 160 12.17 73 2.,20

5 124 16.33 98 2.99

6 104 20.50 123 3.66

7 88 24.,67 148 3.66

8 44 45.50 273 7.59

9 27 66.53 398 14.23

10 16 87. 17 523 -

1 212 4.00 12 Step 4" ID Shock Tube

2 205 7.67 23 Step Lc = 36"

22
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TABLE II kContd)

Position P., psi X, ft. X t ms tj ms Remarks

No. D D 'in.

3 187 16.00 48 Step He - Air

4 174 Z4.33 73 4.49 1.12

5 148 32.67 98 4.92

6 116 41.00 123 5.159

7 94 49.33 148 7.59

8 - 57.67 173

9 38 66.00 198 -

10 35 99.33 298 -

1 33 108.33 325 -

1 183 0.83 10 0.41 0.41 1" ID Shock Tube

2 142 2.08 25 0,62 = 3"

3 100 3.75 45 1.13 He -Air

4 71 5.83 70 1.49

60 7.,92 95 1.80

6 43 10.00 120 2.42

7 46 11.99 145 2.67

8 22 22.50 270 5.97

9 15 32.92 395 28.3

10 10 43.33 520 -
I"

1 203 2.,00 12 Step 2" ID Shock Tube

2 188 3.83 23 0.70 0.35 Lc 616"

3 102 8.00 48 1.26 He - Air
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TABLE II (Contd)

Position P., psi X, ft. X tip ms ti ms Remarks
No. D in.

4 77 12.17 73 2.46

5 61 16.33 98 2.93

6 58 20.50 123 3.40

7 41 24.67 148 3.82

8 2z 45.50 Z73 11.34

9 15 66.53 398 15.85I.

10 10 87. 17 523

1 195 4.00 12 Step 4" ID Shock Tube

2 177 7.67 23 1.94 Lc 1"

3 119 16.00 48 2.84 He- Air

4 84 24.33 73 3.93

5 68 32.67 98 4.77

6 54 41.00 123 6.44

7 41 49.33 148 8.96

8 38 57.67 173 10.46

9 30 66.00 198 -

10 18 99.33 298 -

11 17 108,33 325 -

1 157 0.83 10 0,34 0.34 1" ID Shock Tube

2 88 2.08 25 0.46 Lc

3 59 2.75 45 0.83 He Air

4 43 5.83 70 1.56

24
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TABLE II (Contd)

Position Ps' psi X, ft. X ti, ms . Remarks
No. D D' in.

5 33 7.9Z 95 4.15

6 28 10.00 120 5.56

7 27 11.99 145 7.,11

8 16 22.50 270 19.,3

9 12 32.92 395 -

10 9 43.33 5Z0 -

1 154 2.03 12 .42 .21 2" ID Shock Tube

2 104 3.83 23 .75 Lc= 2"

3 59 8.00 48 1.30 He -Air

4 44 12.17 73 2.15

5 31 16.33 98 3.49

6 28 20.50 123 4.16
7 22 24.67 148 5.36

8 13 45.50 273 10.48

9 8 66.53 398 27.91

10 6.4 87.17 523 -

1 142 4.00 12 .191 .25 4" ID Shock Tube

2 103 7.67 Z3 1.50 Lc 4 It

3 58 16.00 48 Z.67 He -Air
4 43 24.33 73 3.61

5 33 32.67 98 5.87

6 26 41.00 123 8.39

7 2z 49. 33 148 11.1

8 19 57.,67 173 13
9 16 66.00 198 24

10 10.6 99.33 298 -

11 10.1 108.,33 325 -

25
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FIG. 4 PRESSURE-TIME RECORDS FROM 2-INCH SHOCK TUBEILc 18 INCHES
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POS. NO. ]xI, X•,f Ps, pal ti. f,. i
3 48 8.00 102 1.26
4 73 12.17 77 2.46
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9 398 66.33 IS 15.85
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FIG. 5 PRESSURE-TIME RECORDS FROM 2-INCH SHOCK TUBE - I6 INCHESI
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Nun&

7%

TAELE P-1

ATTE7PATIOT1 OF PIAiEM SHOCK WAVES 1N
L-INCII SHOCK TITRE - HELITJ DRIVE]i

Shot No. Shot 39 Shot 44 Shot 45 Shot 46
Pos X X, ft. P,psi t.,rrs P'psi t1 ,rns P,lri tr P, ti,rrs L ,in.
No. D 

s

1 10 0.83 157 0.34 95 0,42 80 0n.36 55 o.47
2 25 2.08 88 0.46 65 0.59 41 0.47 27 0.84
3 45 3.75 59 o. 83 45 0,84 30 1.25 20 1. 32
4 70 5.83 43 1.56 32 1.36 27 2.:29 15 3.03
5 95 7.92 33 4.,15 25 2109 18 4.01 13 4. 18
6 120 10.00 28 5 56 21 7.74 16 5.62 11 4.86
7 145 11.,99 27 7.11 18 9.94 14 7,08 10 7,35
8 270 22..50 16 19..3 12 22.5 10 33.9 7 11.6
9 395 32.,92 12 - 9,.7 58.0 8.A 24.6 64 29.:0

10 520 43.,33 8.8 - 7.4 - 6.2 - 5.2 -

Shot No., Shot 37A Shot 38A Shot 40 Shot 41

1 10 0.83 183 0.41 150 0.47 103 0.71 74 0.45
2 25 Z.08 142 0.62 115 0.63 66 0.73 48 0.58
3 45 3.,75 100 1.13 76 1.15 53 1.04 34 1.26
4 70 5.83 71 1.49 55 1.46 40 1.77 27 1.95 3
5 95 7.92 60 1.80 49 1.88 32 2.,40 21 2.96
6 120 10.,00 43 2.42 38 2.41 28 3.28 18 4.76
7 145 11.99 46 2.67 33 5.40 24 4,09 16 5.86
8 270 22.50 22 5.97 17 8.16 14 8.75 10 9.83
9 395 32.,92 15 28.3 12 19.8 10 26.1 8 18.4

10 520 43.33 9.9 - 8.2 - 7.5 - 6.1 -
*

Shot No. Shot 35 Shot 36 Shot 42 Shot 43

1 10 0.83 191 Step 166 Step 98 Step 80 Step
2 25 2.08 192 0, 90 161 - 91 0.78 67 0.76
3 45 3.75 187 1.26 140 1.15 88 0.89 64 0.93
4 70 5.83 147 1.31 104 1.36 67 1.71 49 2.07
5 95 7.92 118 1,41 81 1.41 56 1.76 38 2.28 9
6 120 10.00 98 1.99 68 2.44 50 2.08 34 2.75
1 145 11.99 78 1.88 60 3.12 45 Z.33 30 2.95
8 270 22.50 38 3.85 29 4.37 21 5.08 15 5.65
9 395 3Z,92 /3 9.56 18 8.69 14 14.7 11 16.6

to 520 43.33 14 - 11 - 10 - &8 -
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II

TABLE B-II

ATTENFUATION OF PEgKED SHOCK WAVES IN 1-INCH SHOCK
TUBE - DISCONTINUOUS AREA CHANGE " 16:1

Shot No. Shot 71

Pos. X X, ft Psopsi t f ms Lc"in. Remarks
No. D

1A 5 0.42 466 1.07 A 150 cone was used to
I 1o 0.83 436 1.71 smoothly converge the
2 25 2.08 404 1.21 area of the 4" shock tube
3 45 3.75 396 1.28 12 to the I" shock tube. The
4 70 5.83 270 2. 17 distance of travel is
5 95 7.92 239 2.62 measured from the

*, 6 120 10.00 181 3.26 beginning of the 1" section.
7 7 145 11.99 151 3.48
8 270 22.50 77 4.78
9 395 52.92 34 7.34

10 520 43.33 23 tZ.40
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TABLE B-Ill

ATEYJTATION OF1 PEAKED SHOCK WAVES IN
2-INCH SPOCK TIqE - IIELIJM DRIVER

Shot No. Shot 21 Shot 18 Shot 17 Shot 22

Pos. X X,ft. P,psi ti,rm P,psi i'ms Psi T.,ril Ppsiti,rms L,in.

No. D585

1 12 2.00 154 0.42 104 0.35 70 0.35 37 0.68
2 23 3.83 104 0.75 75 0.70 46 0.72 Z8 1.03
3 48 8.00 59 1.30 37 1.58 27 1.92 18 2.11
4 73 12.17 44 2.15 30 2.37 18 2.65 14 2.76
5 98 16.33 31 3.49 22 3.68 14 3.59 11 4.11 2
6 123 20.50 28 4,16 19 4.84 14 4.63 10 4.58
7 148 24.67 22 5.36 16 5.68 10 4.88 &7 5.61
8 273 45.50 13 10.48 10 9.54 8 14.30 59 12.40
9 398 66.33 8.3 27.91 6.9 11,80 5.4 15.20 4.3 13.10

10 523 87. 17 6.4 - 5.2 - 4.3 3.4 -

Shot No. Shot 13 Shot 14 Shot 15 Shot 16

1 12 2.00 203 Step 156 Step 102 0.52 58 0.99
2 23 3.83 188 0.70 135 0.81 82 0.79 44 1.04

3 48 8.00 102 1.26 72 1.31 44 1.46 30 2.16
4 73 12.17 77 2.46 54 2.31 31 4.7t 23 3.31
5 98 16.33 61 2.93 43 3.56 25 4.17 17 4.81 6
6 123 Z0.50 58 3.40 39 4.24 24 4.77 17 6.49
7 148 24.67 41 3.82 30 5.14 18 6.35 13 6.61
8 273 45.50 22 11.34 !6 12.37 11 11.O2 9. 1 10.94
9 398 66.33 15 15.85 11 16.99 8.1 13.24 6.311.11

10 523 87.17 9.5 - 7.5 - 5.6 - 4.7 -

Shot No. Shot 9 Shot 10 Shot 11 Shot 19

S12 2.00 207 Step 180 Step - - 63 Step
2 23 3.83 201 Step 151 Step - - 66 Step
3 48 8.00 203 1.67 150 1.37 103 1.51 53 1.67
4 73 12.17 160 2.20 111 2.23 77 2.11 45 2.54 18
5 98 16.33 124 2,99 88 2.77 61 2.53 32 5.71
6 123 20.50 104 3.66 76 3.78 46 3.80 29 6.50
7 148 24.67 88 3.66 60 4.02 34 4.64 24 8.23
8 273 45.50 44 7.59 32 10.23 23 13.41 15 13.03
9 398 66.33 27 14.23 20 15.66 16 16.00 9.2 20.34

10 5Z3 87.17 15.5 - 12 - 11 - 6.7 -
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TABLE B-IV

ATTENUAT ION OF PEAKED SHOCK WAVES IN 2- INCH
SHOCK TUBE -M-9 PROPELJLANT DRIVER

Shot No. Shot 27 Shot U6 Shot 24 Shot 2 3
Poon. X X, ft. PD Si t a Ppi rrs PDpsit~r ,~i.raLln
No. D5 8 Pp 5 tinsPiitr

I 12 2.00 - - - - --

2 23 3.83 328 Step 260 Step 204 Step 139 Step
3 48 8.00 309 Step 255 2.72 201 1.51 132 1.54
4 73 12.17 392 1.76 214 1.55 147 1.87 91 2.09
5 98 16.33 362 1.91 168 1.99 120 2.29 80 2.87 18
6 123 20.50 345 2.01 - - - - -

7 148 24.67 243 1, 39 111 3.11 84 3.67 54 3.74
8 273 45.50 80 5.43 45 11.34 34 10.15 24 12,46
9 398 66.33 55 - 29 13.04 23 13.49 t7 1343

10 523 81,17 37 - 17 - 14 It1
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TABLE B-V

ATT¶I-ITATTO}T OF PEAw) SHOCK WAVES T'!
4-I; COI SIOCK TIBE - IIfITI DRIVER

Shot No. Shot 57 Shot 58 Shot 59 Shot 60

Pos. X X, ft. P, psi tMesi t rrs P, psi trrs P, psi t ,mns L in.

No.D

1 12 4.00 142 0.91 119 0..91 98 0.56 78 0.70

2 23 7.67 103 1.50 78 1,.49 60 1.33 41 1.46
3 48 16.00 58 2.67 45 2.93 34 3. 10 25 3. 5i
4 73 24,33 43 3.,61 32 4,73 23 5.07 18 5. 11
5 98 32.67 33 5.87 24 6.,06 18 6.,19 14 6.22
6 123 41.00 26 8.:39 19 8.,78 15 8,46 10 9.04 4
7 148 49.33 22 11.110 16 10.67 13 10.,74 9.8 11.01
8 173 57.67 19 12.60 14 12.14 12 11.81 9.1 11.51
9 198 66.00 16 23.60 13 15.,97 10 16.,77 8.2 18.15

10 298 99.33 11 - 8.,9 - 7.,2 - 5.7 -
11 325 108,33 10 - 8.6 - 7. 1 - 5.6 -

Shot No. Shot 66 Shot 67 Shot 61 Shot 62

1 12 4.00 195 Step 155 Step 143 1.39111 1.07
2 23 7.,67 190 1.,94 143 1.74 109 1.82 79 1.65
3 48 16.:00 119 2.84 83 2.95 66 2,89 48 2.90
4 73 24.33 84 3.,93 61 4.02 48 4.24 35 4.,24
5 98 32.67 68 4,77 50 5.57 36 6.48 27 6.42 12
6 123 41.,00 54 6.44 39 7.57 28 9,25 21 9.40
7 148 49.33 41 8,96 33 10.,43 24 10.,91 18 10.89
8 173 57.67 38 10.46 29 10.54 21 11.66 17 11.37
9 198 66.00 30 - 24 17.,70 19 13.,67 14 15.25

10 298 99.33 18 - 15.4 - 12.3 - 9.7 -

11 325108.,33 17 150 - 11.,7 - 9.1 -

Shot No. Shot 64A Shot 65A Shot 63A Shot 64

1 12 4.00 212 Step 156 Step 130 Step 114 Step
2 23 7.67 205 Step 158 Step 128 Step 95 Step
3 48 16.00 187 Step 143 Step 117 Step 87 2.94
4 73 24.,33 174 4.49 127 4.85 97 4.71 67 4.20
5 98 32.67 148 4.92 105 5.00 81 5. 19 54 5.17 36
6 123 41.,00 116 5.59 84 6.,24 64 6.58 43 7.75
7 148 49. 33 94 7. 59 66 8.91 52 9.,30 35 9.73
8 173 57.67 - - 60 - 46 9.:75 31 11.26
9 198 66.00 38 - 38 - 38 17.00 - 13.,93

10 298 99.33 35 - 30 - 23 - 18 -

11 325 108,33 33 - 28 - 22 - 17 -
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I3 ABSTRACT

*The attenuation of shock-front pressure for peaked air shock waves was measured
along straight smooth-wall test sections of 1-, 2-, and 4-inch inside diameter
shock tubes over travel distances up to 520-tunnel diameters. Shock overpressure
between 50 and 450 psi for an ambient pressure of 1 atmusphere were produced by
the use of helium or by burning M-9 propellant in the driver 'section of shock
tubes. The lengths of the shock tube driver sections were changed to vary the
shape of the shock waveform which caused the shock-front pressure to attenuate
differently with distance. Pressure-time records are shown from piezoelectric
pressure gages placed at ten test positions along the shock tube.
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